Objectives: Routine susceptibility testing of all anaerobic organisms is not advocated, but it is useful for laboratories to test periodically for anaerobic organisms and provide local susceptibility data to guide therapy. This study reports the national trend of antibiotic susceptibility of clinically significant anaerobes in New Zealand.
Introduction
Anaerobic organisms dominate our indigenous flora. They cause infections associated with surgical procedures and pulmonary, genitourinary, and skin and soft tissue infections. 1 Antimicrobial therapy is often empirical and culture results become available some time after the initiation of antimicrobial therapy. For this reason, and given the cost issues and technical difficulties associated with the isolation and identification of anaerobes, it is not surprising that the work-up of clinical specimens for anaerobes is not performed routinely.
Antimicrobial resistance among anaerobic organisms is increasing and clinical failure has been reported in patients receiving inactive treatment. 2 This study reports on the national trend of antibiotic susceptibility of clinically significant anaerobes in New Zealand and highlights changes in susceptibility profiles over time by comparing the results with those of previous studies. 3, 4 Materials and methods *Corresponding author. Tel: +64-9-379-7440; Fax: +64-9-307-8922; E-mail: sallyrob@adhb.govt.nz isolates identified to the species level a representative sample was tested; otherwise the isolates were grouped by genus.
The anaerobes were isolated from the following clinical specimens: pus/wound/aspirates, 195 (53%); blood, 101 (28%); tissue, 39 (11%); synovial fluid, 5 (1%); and other sites, 24 (7%). Isolates were identified using standard methods, 5 stored at -80 C in skimmed milk and subcultured twice before susceptibility testing was performed.
The isolates tested were Bacteroides fragilis (49), B. fragilis group (51), Bacteroides ureolyticus ( 
Susceptibility testing
Agar dilution. Susceptibilities for all isolates except C. septicum were determined using the NCCLS reference agar dilution procedure. 6 Growth from a 40 h culture was suspended in thioglycolate broth to a density equivalent to a McFarland 0.5 standard then inoculated onto Brucella agar (Difco, Becton Dickinson, Sparks MD21152, USA) supplemented with 5% lysed sheep blood, 5 mg/L haemin and 1 mg/L vitamin K. Plates were inoculated with 10 5 cfu per spot, using an antibiotic sensitivity replicator (H.I. Clements Pty Ltd., Sydney, Australia). All plates were incubated in an anaerobic cabinet (dw Scientific, Don Whitley Scientific Ltd, West Yorkshire, England) for 48 h.
Each batch included, as quality control isolates, B. fragilis ATCC 25285, Bacteroides thetaiotaomicron ATCC 29741 and Eubacterium lentum ATCC 43055.
Antibiotics tested were penicillin (Biochemie GmbH), amoxicillin/ clavulanate (GlaxoSmithKline Pharmaceuticals), piperacillintazobactam (Wyeth), cefoxitin (Merck, Sharpe & Dohme), cefotetan (Wyeth), ceftriaxone (Roche), imipenem (Merck, Sharpe & Dohme), meropenem (AstraZeneca), clindamycin (Pharmacia) and metronidazole (Baxter). All antimicrobials were tested at doubling dilutions, from 128 to 0.06 mg/L (amoxicillin/clavulanate, clindamycin, imipenem, meropenem, metronidazole, penicillin) or 256 to 0.12 mg/L (cefotetan, cefoxitin, ceftriaxone, piperacillin/tazobactam).
Isolates were classified susceptible, intermediate or reduced susceptibility, or resistant to antibiotics using NCCLS interpretative criteria. Isolates were considered susceptible if the MIC for each antibiotic was as follows:
Etest method. C. septicum were tested using the Etest method (AB Biodisk, Solna, Sweden). Isolates were suspended in thioglyclolate broth to match the density of a McFarland 1 standard then inoculated onto Brucella agar supplemented with 5% lysed sheep blood, 5 mg/L haemin and 1 mg/L vitamin K. Penicillin and metronidazole were read after 24 h of incubation. Clindamycin was read at 48 h, following the manufacturer's instructions. B. fragilis ATCC 25285 was used as the control.
Comparison between testing periods
Comparisons of the results between study periods were undertaken for B. fragilis, C. perfringens, P. anaerobius and Propionibacterium acnes. The change in susceptibility trends between each study period was measured by comparing the geometric mean of the MIC.
Statistical methods
The geometric mean MIC results were compared using the MannWhitney U-test.
Results
A total of 364 anaerobes were included in the study. The organisms tested; percentages of susceptible, intermediate and resistant organisms; MIC ranges; MIC 50 and MIC 90 for the anaerobic Gram-negative organisms and the anaerobic Gram-positive organisms are shown in Tables 1 and 2 , respectively.
Penicillin had poor activity against Bacteroides spp. and Prevotella spp., with the exception of B. ureolyticus isolates, which were all penicillin susceptible. Penicillin resistance was found in the majority of Eubacterium spp. (90%) and Veillonella spp. (78%), with the MIC of penicillin between 1 and 4 mg/L. F. nucleatum isolates were all penicillin susceptible, but one F. necrophorum (4%) isolate was resistant to penicillin. All Propionibacterium spp. and C. perfringens were susceptible to penicillin. But only one-third (36%) of C. clostridioforme and no C. tertium isolates were susceptible to penicillin. Anaerobic streptococci were all susceptible to penicillin except for P. anaerobius.
Amoxicillin/clavulanate showed good activity against most anaerobes, but resistance was found in 10% of B. fragilis and 35% of P. anaerobius isolates. Only one isolate in the survey was resistant to piperacillin-tazobactam. This was a multiresistant B. fragilis, which was susceptible only to metronidazole.
Cefoxitin was more active than cefotetan, particularly against non-B. fragilis species, Eubacterium spp. and P. anaerobius. Ceftriaxone, as expected, showed poor activity against Bacteroides spp., except B. ureolyticus. However, Fusobacterium spp. and Veillonella spp. remained susceptible to ceftriaxone.
Meropenem and imipenem showed good activity against all anaerobes, with 2% and 4% of Bacteroides spp., respectively, showing resistance.
With the exception of P. acnes isolates, which were predictably resistant, metronidazole was active against all anaerobes tested.
There has been little change in susceptibility since 1997. The geometric mean MIC of clindamycin and metronidazole for B. fragilis increased from 0.25 to 1.29 mg/L (P < 0.001) and from 0.86 to 1.17 mg/L (P = 0.001), respectively, but remained within the susceptible range. No statistical change in geometric means of the antibiotics tested was observed for C. perfringens, P. anaerobius and P. acnes.
Discussion
This is the third local survey looking at the antimicrobial susceptibility patterns of clinical isolates and it has allowed us to report on changes in susceptibility patterns over a 15 year period.
B. fragilis is the anaerobe most often isolated from intra-abdominal infections or from anaerobic bacteraemia. 7 b-Lactamase production, conferring resistance to penicillin, is common among B. fragilis. Metronidazole remains the most active agent; no resistant strains were reported locally. Meropenem and imipenem (carbapenems) had low levels of resistance at 2 and 4%, respectively. Resistance was more common amongst the other b-lactam agents tested, cefoxitin, cefotetan and amoxicillin/clavulanate, with only 80-84% of isolates testing susceptible. Cefoxitin had greater activity than cefotetan. Prevotella spp. were overall more susceptible than either B. fragilis or the B. fragilis group. A significant number of isolates produce b-lactamase and only 16% were susceptible to penicillin.
With the exception of one isolate of F. necrophorum, all other Fusobacterium spp. tested were susceptible to all agents tested. Penicillin resistance owing to b-lactamase production has been reported in F. nucleatum.
8
C. perfringens isolates were susceptible to all agents tested. C. clostridioforme and C. tertium were more resistant to penicillin but were susceptible to carbapenems and metronidazole. The MIC 90 of penicillin for C. tertium was 4 mg/L; using the previous NCCLS breakpoint of 8 mg/L these isolates would have been considered susceptible.
6,9 The present breakpoint of 0.5 mg/L correlates well with b-lactamase production in Prevotella spp. and Fusobacterium spp., and though C. clostridioforme produces b-lactamase, to our knowledge this has not been shown in C. tertium.
10,11
Eubacterium spp. are generally considered to be susceptible to penicillin. In this survey the MICs were in the range 1-4 mg/L, and therefore the isolates are shown to be resistant using current criteria but susceptible using older criteria. 6, 9 Good clinical data will be necessary to determine whether the current penicillin interpretation criterion is suitable for Eubacterium spp. and Veillonella spp. The proposed reclassification of the Peptostreptococcus genus is based on molecular methods not available in most routine laboratories. 12 In our laboratory all presumptive anaerobic Gram-positive cocci are tested against metronidazole; if it is resistant and grows under microaerophilic conditions, the isolate is called a microaerophilic Gram-positive coccus. In previous surveys identification criteria were less rigorous. Resistance to penicillin was seen with P. anaerobius (45%), MIC 90 8 mg/L.
Comparison of the resistance rates between the different survey periods is limited by a number of factors. There have been changes to the methodology with the different media used. Supplemented BHI agar was used in the initial survey, 3 supplemented WC agar in the second 4 and supplemented Brucella agar in the present survey. While it has been reported that only minimal changes in MIC occur when any one of these media is used, small differences can make significant differences in reported parameters (MIC 50 , MIC 90 and % S) when the MIC clusters around the breakpoint, as happens for some organism/antibiotic combinations. 13 Some of the differences may also relate to differences in the identification of isolates.
There was no significant change documented in susceptibility between survey periods. Although for B. fragilis there was a significant increase in the geometric mean MIC for clindamycin, imipenem and metronidazole (P < 0.05), the increased geometric mean was within the susceptible range. Prevotella species included P. oralis (5), P. bivia (25), P. buccae (5), P. disiens (5) and P. intermedia (5). Based on our findings metronidazole, cefoxitin, piperacillin/ tazobactam and amoxicillin/clavulanate remain good empirical choices when anaerobes are expected. The carbapenems should be reserved for situations where other organisms, especially resistant facultative Gram-negative bacilli, are expected. Ceftriaxone and less so cefotetan have poor activity and are not recommended for anaerobic cover.
